Recent evidence suggests that dystonia, a movement disorder characterized by sustained involuntary muscle contractions, can be associated with cerebellar abnormalities. The basis for how functional changes in the cerebellum can cause dystonia is poorly understood. Here we identify alterations in physiology in Atcay ji-hes mice which in addition to ataxia, have an abnormal gait with hind limb extension and toe walking, reminiscent of human dystonic gait. No morphological abnormalities in the brain accompany the dystonia, but partial cerebellectomy causes resolution of the stiff-legged gait, suggesting that cerebellar dysfunction contributes to the dystonic gait of Atcay ji-hes mice. Recordings from Purkinje and deep cerebellar nuclear (DCN) neurons in acute brain slices were used to determine the physiological correlates of dystonia in the Atcay ji-hes mice. Approximately 50% of cerebellar Purkinje neurons fail to display the normal repetitive firing characteristic of these cells. In addition, DCN neurons exhibit increased intrinsic firing frequencies with a subset of neurons displaying bursts of action potentials. This increased intrinsic excitability of DCN neurons is accompanied by a reduction in afterhyperpolarization currents mediated by small-conductance calcium-activated potassium (SK) channels. An activator of SK channels reduces DCN neuron firing frequency in acute cerebellar slices and improves the dystonic gait of Atcay ji-hes mice. These results suggest that a combination of reduced Purkinje neuron activity and increased DCN intrinsic excitability can result in a combination of ataxia and a dystonia-like gait in mice.
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Introduction
Dystonia is a disorder of movement characterized by sustained involuntary muscle contractions, which forcefully distort the body into typical postures (Fahn, 1984; Berardelli et al., 1998; Frucht, 2013) . Voluntary movement exacerbates the abnormal movements. Only in severe cases is muscle activity recorded in subjects at complete rest (Berardelli et al., 1998) . A role for the striatum in dystonia is evident from numerous studies (Marsden et al., 1985) (reviewed in (Lehericy et al., 2013) ). Recent evidence also suggests a role for the cerebellum in the pathophysiology of some forms of dystonia (Lehericy et al., 2013) . For example, a reduction in cerebellar gray matter has been described in patients with focal dystonia (Delmaire et al., 2007) , and cerebellar dysfunction appears to be the primary cause for dystonia in patients who display marked dystonia affecting the neck, vocal cords, face, and upper and lower limbs, and face (Le Ber et al., 2006) . Moreover, patients with primary dystonia have increased metabolic activity in the cerebellum (Eidelberg et al., 1998) and imaging studies of patients with the most common inherited form of dystonia, DYT1, have revealed abnormalities in cerebellar outflow (Argyelan et al., 2009) . These new data suggest that dystonia is a network disorder involving multiple brain regions, including the cerebellum (Neychev et al., 2011; Niethammer et al., 2011) .
Rodent models also provide evidence supporting a role for the cerebellum in dystonia. These models include the tottering mouse (Campbell and Hess, 1999) , the genetically dystonic rat (Lorden et al., 1988) , and a mouse model of rapid onset dystonia parkinsonism (Calderon et al., 2011) . The movement disorder in these models can be attributed to defects in the cerebellum since the dystonia resolves following cerebellar lesioning (LeDoux et al., 1993; Campbell and Hess, 1999; Calderon et al., 2011) . Both primary generalized dystonia in humans and the dystonia seen in these animal models are not accompanied by 
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